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ABSTRACT 
A method for separating a lubrication oil from a waste fluid 
includes separating water from the waste fluid including a 
lubrication oil by heating the waste fluid while sealed in a 
first vacuum chamber to a first maximum specified tempera 
ture and first specified pressure . Fuel oil is separated from a 
fluid received from the first vacuum chamber by heating the 
fluid while sealed in a second vacuum chamber to a second 
maximum specified temperature that his higher than the first 
maximum specified temperature and at a second specified 
pressure . Finally , the lubrication oil is separated from a fluid 
received from the second vacuum chamber by heating the 
fluid received from the second vacuum chamber while 
sealed in a third vacuum chamber to a third maximum 
specified temperature that his higher than the second maxi 
mum specified temperature and at a third specified pressure . 
The first , second and third pressures need not be different . 

6 Claims , 2 Drawing Sheets 
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202 
Separate Water from a Waste Fluid Including a 

Lubrication Oil by Heating the Waste Fluid 
Sealed in a First Vacuum Chamber to a First 

Maximum Specified Temperature 

204 
Separate Fuel Oil from a Fluid Received from the 

First Vacuum Chamber by Heating the Fluid 
Received from the First Vacuum Chamber While 

Sealed in a Second Vacuum Chamber to a Second 
Maximum Specified Temperature that is Higher 
than the First Maximum Specified Temperature 

2062 
Separate the Lubrication Oil from a Fluid Received 
from the Second Vacuum Chamber by Heating the 
Fluid Received from the Second Vacuum Chamber 
While Sealed in a Third Vacuum Chamber to a Third 
Maximum Specified Temperature that is Higher than 

the Second Maximum Specified Temperature 

FIG . 2 
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100 . 

RE - REFINING USED PETROLEUM BASED other contaminants . Lubrication oil includes a base lubrica 
FLUIDS tion oil plus additives ( e . g . , detergent additives , antioxidant 

additives , anti - wear additives , pressure agents , friction 
BACKGROUND modifiers , and / or other ) . The waste fluid includes a mixture 

5 of the base lubrication oil and additives , plus contaminants 
The present disclosure relates to re - refining petroleum or such as those mentioned above . Thus , as will be discussed 

hydrocarbon based fluids . in more detail below , the treatment system 100 receives the 
Used petroleum or hydrocarbon based fluids , such as waste fluid and separates water and solids from the waste 

lubrication oil , often become contaminated through use , for fluid in the first vacuum chamber 102 . The remaining 
example , due to contamination from constituents that 10 dehydrated waste fluid is fed into the second vacuum 
degrade , dilute , or otherwise negatively affect lubrication chamber 104 to remove lighter fractions , such as light fuel 
properties of lubrication oil . For example , used lubrication oil , diesel and kerosene . The non - distillable residue from the 
oil can include solid particles , water , hydrocarbon fuel second vacuum chamber 104 is fed into the third vacuum 
components , lighter oils , dissolved metals , degraded addi chamber 106 and the remaining lube oil fraction is voltal 
tives , and other contamination components . Re - refining 15 ized , controlling the temperature to mitigate cracking the oil . 
removes this contamination , making a base lubrication oil The resulting distillate includes constituents necessary for 
suitable for reuse in a lubrication application . Re - refining base oil , which is output from the example treatment system 
used lubrication oil conventionally includes superheating 
and thermally cracking the used lubrication oil . The process The example treatment system 100 processes the waste 
is complex and the equipment expensive . 20 fluid in a batch process , where a batch of the waste fluid 

enters the first vacuum chamber 102 for processing in the 
DESCRIPTION OF DRAWINGS first vacuum chamber 102 , then moves to the second vacuum 

chamber 104 for processing in the second vacuum chamber 
FIG . 1 is a schematic diagram of an example treatment 104 , then moves to the third vacuum chamber 106 for 

system . 25 processing in the third vacuum chamber 106 . In some 
FIG . 2 is a flowchart of an example process for separating instances , the example treatment system 100 is configured to 

a base fluid from a waste fluid . re - refine up to about 5700 liters ( 1500 gallons ) of lubrication 
Like reference symbols in the various drawings indicate oil per hour . 

like elements . More specifically , referring to FIGS . 1 and 2 , at 202 , water 
30 is separated from a waste fluid including a lubrication oil by 

DETAILED DESCRIPTION heating the waste fluid sealed in a first vacuum chamber to , 
but not over , a first maximum specified temperature while 

This disclosure encompasses a fluid treatment system for holding the waste fluid at a first specified pressure ( e . g . , a 
separating a base fluid from a waste fluid , for example , by vacuum ) . In particular , a waste fluid including a used 
implementing controlled pressure and temperature on the 35 lubrication oil enters the first vacuum chamber 102 through 
waste fluid in vacuum chambers . The system is applicable to the first fluid inlet 108 . In some instances , the waste fluid 
a broad array of petroleum or hydrocarbon based fluids , passes through a heat exchanger 110 to increase a tempera 
including lubricating oil , fuel , glycol and others . The con - ture of the waste fluid before entering the first vacuum 
trolled temperature prevents thermal decomposition of the chamber 102 through the first fluid inlet 108 . The waste fluid 
base fluid during the re - refining process . 40 is pressure - sealed within the first sealed housing 112 of the 

FIG . 1 is a schematic diagram of an example treatment first vacuum chamber 102 by closing all inlet and outlet 
system 100 for separating a base fluid from a waste fluid . valves to and from the first vacuum chamber 102 , such as the 
The example system 100 includes three vaporizers or valves of the first fluid inlet 108 , the first vaporizer outlet 
vacuum chambers : a first vacuum chamber 102 , a second 114 , and the first fluid outlet 116 , and the pressure within the 
vacuum chamber 104 , and a third vacuum chamber 106 . 45 chamber 102 is adjusted to a first specified pressure . The first 
Each of the vacuum chambers includes a sealed housing , a vacuum chamber 102 then processes the waste fluid , for 
fluid inlet , a fluid outlet , and a vaporizer outlet . The sealed example , by heating the waste fluid in the first vacuum 
housings are pressure - sealed from an ambient environment chamber 102 to a first specified maximum temperature to 
to enable maintaining a specified pressure , in particular a separate a first constituent from the waste fluid . For 
vacuum , within the respective vacuum chamber . 50 example , the waste fluid is heated with a boiler and / or other 

In the example treatment system 100 of FIG . 1 , each of heating element . Notably , however , the waste fluid is heated 
the vacuum chambers functions to remove a different con - to , but not above , the specified maximum temperature . 
stituent made up of one or more components in the waste Separation of the first constituent from the waste fluid can 
fluid by heating the fluid to a specified maximum tempera - be achieved through vaporization of the first constituent . For 
ture under specified pressure ( vacuum ) conditions to vapor - 55 example , the first specified maximum temperature for the 
ize the constituent . Vaporization of the constituent allows the first chamber 102 can be the critical vaporization tempera 
constituent to gather in an overhead portion of the vacuum ture of water ( e . g . , evaporation temperature ) at the first 
chamber ( e . g . , as overhead distillate ) , where the constituents specified pressure , such that heating the waste fluid in the 
can be collected and outputted from the respective vacuum first chamber 102 to the first specified maximum tempera 
chamber through the vaporizer outlet . 60 ture separates water and components lighter than water from 

In a waste fluid that includes a used lubrication oil , the the waste fluid . In certain instances , the waste fluid in the 
constituents of the waste fluid can vary . For example , some first chamber 102 is held at 78° ( 170° F . ) under vacuum at 
constituents ( e . g . , contaminants ) include thermal products 7 . 24 kPa absolute ( 1 . 05 psia ) . Alternately , by adjusting the 
( e . g . , water , soot , carbon , fuel , and / or other ) , abrasive mate specified maximum temperature and pressure , glycol can be 
rials ( e . g . , road dust , silicates , wear metals like copper and 65 separated in the first vacuum chamber 102 , as well . The 
aluminum , and / or other ) , chemical products ( e . g . , oxidation waste fluid is maintained in the first vacuum chamber 102 at 
products , depleted additive remnants , and / or other ) , and / or the first specified maximum temperature and pressure for a 
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specified dwell time , or dwell period , selected to ensure critical vaporization temperature of fuel oil ( e . g . , kerosene , 
vaporization of the first constituent is complete . After vapor light fuel oil , diesel , and / or other hydrocarbon fuel ) at the 
ization of the first constituent , the valve of the first vaporizer second specified pressure , such that heating the remainder of 
outlet 114 is opened to release the vaporized constituent the waste fluid in second chamber 104 to the second speci 
from the first vacuum chamber 102 . The constituent exits the 5 fied maximum temperature separates fuel oil and other 
first vacuum chamber 102 through the first vaporizer outlet components lighter than fuel oil from the fluid in the second 
114 at the top of the chamber 102 and collected , for example , vacuum chamber 104 . In certain instances , the fluid in the 
in an output vessel . In instances where the first constituent second vacuum chamber 104 is held at 260° C . ( 170° F . ) 
includes water , the temperature and pressure in the first under vacuum at 7 . 24 kPa absolute ( 1 . 05 psia ) . The fluid is 
vacuum chamber 102 can be controlled to output primarily 10 maintained in the second vacuum chamber 104 at the second 
water . In certain instances , the output water can be irrigation specified maximum temperature and pressure for a specified 
quality , thus enabling easy disposal of the water and avoid dwell time selected to ensure vaporization of the second 
ing the need to transport the water to a hazardous waste constituent is complete . After vaporization of the second 
disposal facility . constituent , the valve of the second vaporizer outlet 136 is 

At 204 , fuel oil is separated from a fluid received from the 15 opened to release the vaporized constituent from the second 
first vacuum chamber by heating the fluid received from the vacuum chamber 104 . The constituent exits the second 
first vacuum chamber while sealed in a second vacuum vacuum chamber 104 through the second vaporizer outlet 
chamber to a second maximum specified temperature that 136 at the top of the chamber 104 and collected , for 
his higher than the first maximum specified temperature example , in an output vessel . 
while holding the fluid at a second specified pressure ( e . g . , 20 In instances where the second constituent includes fuel 
a vacuum ) . In particular , a fluid conduit 118 couples the first oil , the collected fuel oil can be used as fuel to power aspects 
fluid outlet 116 of the first vacuum chamber 102 with the of the example treatment system 100 or other external 
second fluid inlet 132 of the second vacuum chamber 104 systems . For example , the example treatment system 100 
A remainder of the waste fluid from the first vacuum can be self - powered or partially self - powered , such that the 
chamber 102 ( e . g . , the remaining dehydrated waste fluid 25 collected fuel oil powers the boilers , heaters , vacuum 
after removing water and components lighter than water pumps , controllers , and / or other equipment of the system 
from the waste fluid ) is transferred from the first vacuum 100 . In some examples , the treatment system 100 includes a 
chamber 102 to the second vacuum chamber 104 through the generator to power electrical needs of the system 100 , and 
fluid conduit 118 . For example , a pump 120 ( e . g . , positive the collected fuel oil powers ( at least in part ) the generator . 
displacement pump and / or other ) , powered by a motor 122 30 At 206 , the oil is separated from a fluid received from the 
( e . g . , totally enclosed fan - cooled ( “ TEFC ” ) motor and / or second vacuum chamber by heating the fluid received from 
other ) , pumps the remainder of the waste fluid from the first the second vacuum chamber while sealed in a third vacuum 
vacuum chamber 102 through the fluid conduit 118 to the chamber to a third maximum specified temperature that his 
second vacuum chamber 104 . The first vacuum chamber 102 higher than the second maximum specified temperature 
includes a fluid level transmitter 124 connected to the motor 35 while holding the fluid at a third specified pressure ( e . g . , a 
122 and configured to determine a level of fluid within the vacuum ) . In particular , a second fluid conduit 140 couples 
first vacuum chamber 102 , for example , and shut off the the second fluid outlet 138 of the second vacuum chamber 
motor 122 upon completing transfer of the remainder of the 104 with the third fluid inlet 154 of the third vacuum 
waste fluid from the first vacuum chamber 102 to the second chamber 106 . A remainder of the waste fluid from the second 
vacuum chamber 104 . The fluid conduit 118 includes a flow 40 vacuum chamber 104 ( e . g . , the remaining , non - distillable 
meter 126 and a temperature sensor 128 . In some instances , waste fluid after removing fuel oil and components lighter 
the fluid conduit 118 passes through a heat exchanger 130 to than the fuel oil from the waste fluid ) is transferred to the 
increase the temperature of the remainder of the waste fluid third vacuum chamber 106 through the second fluid conduit 
as it transfers from the first vacuum chamber 102 to the 140 . For example , a second pump 142 ( e . g . , positive dis 
second vacuum chamber 104 . 45 placement pump and / or other ) , powered by a second motor 

The remainder of the waste fluid from the first vacuum 144 ( e . g . , TEFC motor and / or other ) , pumps the fluid from 
chamber 102 is pressure - sealed within the second sealed the second vacuum chamber 104 through the second fluid 
housing 134 of the second vacuum chamber 104 by closing conduit 140 to the third vacuum chamber 106 . The second 
all inlet and outlet valves to and from the second vacuum vacuum chamber 104 includes a second fluid level trans 
chamber 104 , such as the valves of the second fluid inlet 50 mitter 146 connected to the second motor 144 and config 
132 , the second vaporizer outlet 136 , and the second fluid ured to determine a level of fluid within the second vacuum 
outlet 138 , and the pressure within the chamber 104 is chamber 104 , for example , and stop the motor 144 upon 
adjusted to a second specified pressure . The second vacuum completing transfer of the fluid from the second vacuum 
chamber 104 then processes the remaining waste fluid , for chamber 104 to the third vacuum chamber 106 . The second 
example , by heating the remaining waste fluid in the second 55 fluid conduit 140 includes a flow meter 148 and a tempera 
vacuum chamber 104 to a second specified maximum tem - ture sensor 150 . In some instances , the second fluid conduit 
perature to remove a second constituent from the remainder 140 passes through a heat exchanger 152 , for example , to 
of the waste fluid . In some examples , heating the remaining increase the temperature of the fluid as it transfers from the 
waste fluid in the second vacuum chamber 104 includes second vacuum chamber 104 to the third vacuum chamber 
heating the second vacuum chamber 104 with a boiler and / or 60 106 . 
other heating element . Notably , however , the fluid in the The remainder of the waste fluid from the second vacuum 
second vacuum chamber 104 is heated to , but not above , the chamber 104 is pressure - sealed within the third sealed 
second specified maximum temperature . housing 156 of the third vacuum chamber 106 by closing all 

Separation of the second constituent from the remaining inlet and outlet valves to and from the third vacuum chamber 
waste fluid can be achieved through vaporization of the 65 106 , such as the valves of the third fluid inlet 154 , the third 
second constituent . For example , the second specified maxi - vaporizer outlet 158 , and the third fluid outlet 160 , and the 
mum temperature for the second chamber 104 can be the pressure in the chamber 106 is adjusted to a third specified 
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In 

pressure . The third vacuum chamber 106 then processes the third vacuum chamber 106 , for example , during transfer of 
fluid , for example , by heating the fluid in the third vacuum the remainder of the waste fluid from the third vacuum 
chamber 106 to a third specified maximum temperature to chamber 106 to the storage tank . The third fluid conduit 162 
volatilize and remove an oil suitable as component for base includes a flow meter 170 . In some instances , the remainder 
lubrication oil . In some examples , heating the remaining 5 of the waste fluid from the third chamber 106 includes a 
waste fluid in the third vacuum chamber 106 includes non - volatile residue including , for example , non - distillable 
heating the third vacuum chamber 106 with a boiler and / or carbonaceous materials , wear metals , degraded additives , 
other heating element . As before , the fluid is heated to , but and oxidation products produced during a service life of the 
not above , the third specified maximum temperature . used lubrication oil . In some instances , high - boiling poly 

Separation of the oil from the remaining waste fluid can 10 nuclear aromatic compounds are separated from the base 
be achieved through vaporization of the oil . For example , lubrication oil and retained in the non - volatile residue . The 
the third specified maximum temperature for the third non - volatile residue can be used , for example , as bitumen 
vacuum chamber 106 can be the critical vaporization tem - extender for road asphalt or as fuel . 
perature of the oil , such that heating the fluid in the third In some instances , the treatment system 100 includes a 
vacuum chamber 106 to the third specified maximum tem - 15 fourth vacuum chamber and a base oil conduit coupling the 
perature separates the oil from the remainder of the fluid in third vaporizer outlet 158 to a fluid inlet of the fourth 
the third vacuum chamber 106 . The temperature is low vacuum chamber to further treat the base lubrication oil 
enough that cracking of the vaporized oil is prevented or from the third vacuum chamber 106 . For example , the base 
mitigated so that only mild thermal cracking occurs . In lubrication oil from the third vacuum chamber 106 passes 
certain instances , the fluid in the third chamber 106 is held 20 through the base oil conduit to the fourth vacuum chamber . 
at 371° C . ( 700° F . ) under vacuum at 7 . 24 kPa absolute ( 1 . 05 The base lubrication oil is pressure - sealed within the fourth 
psia ) . Alternatively , by adjusting the third maximum tem - vacuum chamber by closing all inlet valves and outlet valves 
perature and pressure , separation of petroleum - based oil to and from the fourth vacuum chamber . The fourth vacuum 
from synthetic oil ( such as synthetic oil based on higher chamber then treats the base lubrication oil by heating the 
boiling poly - a - olefin compositions ) and / or separation of 25 base lubrication oil in the fourth vacuum chamber to vis 
high - boiling polynuclear aromatic compounds produced break the base lubrication oil , for example , to decrease a 
during in service use of the oil can be separated and retained viscosity of the base lubrication oil . In certain instances , 
in the residue . The fluid is maintained in the third vacuum visbreaking the base lubrication oil in the additional vacuum 
chamber 106 at the third specified maximum temperature chamber includes heating the base lubrication oil to a fourth 
and pressure for a specified dwell time selected to ensure 30 maximum specified temperature that is higher than the third 
vaporization of the oil is complete . If mild thermal cracking maximum specified temperature mentioned above . For 
is desired , the temperature and dwell time is closely con - example , the fourth maximum specified temperature can be 
trolled to achieve the desired degree of thermal cracking . at or between 370 and 455 degrees Celsius ( at or between 
Mildly thermal cracking the base oil cracks any constituents 700 and 850 degrees Fahrenheit ) . In some instances , heating 
that are thermally sensitive and that will deteriorate during 35 the base lubrication oil to the fourth maximum specified 
service into volatile products which can be removed . Addi - temperature causes mild thermal cracking of the base lubri 
tionally , any higher boiling point constituents that will cation oil , for example , to further treat the base lubrication 
deteriorate and form coke or coke precursors during service oil into a more refined base lubrication oil . 
will be encouraged to form coke that can be removed by In some instances , the treatment system 100 includes a 
distillation of the base fluid ( from the coke or coke precur - 40 reactor 172 , for example , along the second fluid conduit 140 
sors ) or by filtration . between the second vacuum chamber 104 and the third 

After vaporization of the oil , the valve of the third vacuum chamber 106 as depicted in FIG . 1 , or along the base 
vaporizer outlet 158 is opened to release the vaporized oil oil conduit between the third vacuum chamber 106 and an 
from the third vacuum chamber 106 . The oil exits the third additional vacuum chamber ( e . g . , fourth vacuum chamber ) . 
vacuum chamber 106 through the third vaporizer outlet 158 45 The reactor 172 ( e . g . , guard reactor ) includes inorganic 
at the top of the chamber 106 and collected , for example , in compounds , such as calcium oxide ( CaO ) , calcium hydrox 
a base lubrication oil vessel . The oil produced from the third ide [ Ca ( OH ) 2 ] , magnesium oxide ( MgO ) , and / or magne 
vacuum chamber 106 is a refined stable and clean product sium hydroxide , [ Mg ( OH ) 2 ) , to remove sulfur from a fluid 
that can be used to reconstitute base lubrication oil . The within the reactor and / or remove fine unfilterable particles 
remnants in the chamber 106 include non - distillable carbo - 50 from the fluid . The reactor can receive and treat one of the 
naceous materials , wear metal , degraded additives , and base lubrication oil received from the third vacuum chamber 
oxidation products . These remnants may be useful for use as 106 or the remainder of the waste fluid received from the 
bitumen extender for road asphalt or for plant fuel , depend second vacuum chamber 104 . 
ing on environmental regulations . The treatment system 100 can include additional or dif 

In the example treatment system 100 of FIG . 1 , a third 55 ferent features . For example , one or more of the vacuum 
fluid conduit 162 couples the third fluid outlet 160 of the chambers can include Raschig rings ( i . e . , a bed of tubing 
third vacuum chamber 106 with a storage tank . The remain - pieces within the vacuum chamber ) to facilitate , and 
der of the waste fluid from the third chamber 106 exits the increase the efficiency of , the separation of the constituents 
third vacuum chamber 106 at the third fluid outlet 160 from the waste fluid , temperature sensors to determine a 
through the third fluid conduit 162 . For example , a third 60 fluid temperature within the vacuum chambers , additional 
pump 164 ( e . g . , positive displacement pump and / or other ) , check valves , ball valves , relief vales , solenoid valves , 
powered by a third motor 166 ( e . g . , TEFC motor and / or and / or other valves for control , redundant protection , system 
other ) , pumps the remainder of the waste fluid from the third safety , or other function , sensors , and / or other features . In 
vacuum chamber 106 through the third fluid conduit 162 to some instances , the treatment system 100 includes a boiler 
the storage tank . The third vacuum chamber 106 includes a 65 for each vacuum chamber to heat the fluid in each vacuum 
third fluid level transmitter 168 connected to the third motor chamber to respective specified maximum temperatures . In 
166 and configured to determine a level of fluid within the certain instances , the separated fuel oil from the second 
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vacuum chamber 104 can be used as fuel for the boilers of array of other petroleum or hydrocarbon based fluids from a 
the treatment system 100 , or for other internal or external waste fluid . For example , the system 100 can be used to 
equipment . separate fuel , glycol or other fluid from a waste fluid , by 

The specified maximum temperatures for each of the setting the third maximum specified temperature to above 
vacuum chambers can vary , for example , based on the 5 the vaporization temperature of petroleum or hydrocarbon 
specified constituent ( s ) to be removed from the waste fluid , based fluid to be separated . Similarly , the specified maxi 
the pressure in the respective vacuum chamber , the amount mum temperatures in the other vacuum chambers can be 
of dwell time the fluid is heated in the vacuum chambers , adjusted to remove other constituents by adjusting the first 
and / or other factors . In some instances , the first specified and second specified maximum temperatures . 
maximum temperature is just below the critical vaporization 10 footprint of the example treatment system 100 can vary . 
temperature of the fuel oil ( e . g . , critical vaporization tem - In certain instances , the system 100 can be made to fit within 
perature of kerosene ) , such that all components lighter than sixty - feet square . In some instances , the footprint of the 
the fuel oil are separated from the waste fluid in the first example treatment system 100 is within a surface area of one 
vacuum chamber 102 . For example , the first specified maxi - hundred square feet , ten feet by ten feet , and / or within a 
mum temperature can be at or between 60 and 121 degrees 15 surface area of six feet by twelve feet , such that the example 
Celsius ( at or between 140 and 250 degrees Fahrenheit ) . In treatment system 100 is a mini re - refinery . In some 
some instances , the second specified maximum temperature examples , the footprint of the treatment system 100 allows 
is just below the critical vaporization temperature of the base for portability of the system 100 , and / or various placement 
lubrication oil , such that all components lighter than the base and implementations of the system 100 . For example , the 
lubrication oil are separated from the waste fluid remainder 20 example system 100 can be placed directly at a location of 
in the second vacuum chamber 104 . For example , the second a waste fluid feed . In some examples , the system 100 could 
specified maximum temperature can be at or between 121 be placed outside of a repair facility that performs oil 
and 260 degrees Celsius ( at or between 250 and 500 degrees changes , carried on a truck and driven around to collect 
Fahrenheit ) . In some instances , the third specified maximum waste fluid , temporarily located in the vicinity of multiple 
temperature is above the critical vaporization temperature of 25 sources of waste fluid ( e . g . , in the vicinity of multiple repair 
the base lubrication oil , but not higher than the cracking facilities ) , and / or otherwise placed . The components of the 
temperature of the base lubrication oil , such that the base example system 100 can be carried on a common skid ( e . g . , 
lubrication oil is separated from the waste fluid remainder in a six foot by twelve foot skid ) , or carried as separate 
the third vacuum chamber 106 . For example , the third modules . 
specified maximum temperature can be at or between 260 30 In view of the discussion above , certain aspects encom 
and 400 degrees Celsius ( at or between 500 and 750 degrees pass a method including separating water from a waste fluid 
Fahrenheit ) . Notably , the first and second specified maxi that includes a lubrication oil by heating the waste fluid 
mum temperatures can be below the third specified tem - sealed in a first vacuum chamber to a first maximum 
perature to ensure that the base lubrication oil is not sepa - specified temperature , separating fuel oil from a fluid 
rated before the third stage . 35 received from the first vacuum chamber by heating the fluid 

The example treatment system 100 of FIG . 1 shows three received from the first vacuum chamber while sealed in a 
vacuum chambers . However , a different number of vacuum second vacuum chamber to a second maximum specified 
chambers can be used . For example , a treatment system can temperature that is higher than the first maximum specified 
include only one chamber , two chambers , or three or more temperature , and separating the lubrication oil from a fluid 
chambers . In some implementations , the number of vacuum 40 received from the second vacuum chamber by heating the 
chambers is based on the number of constituents to be fluid received from the second vacuum chamber while 
separated from the waste fluid inputted into the treatment sealed in a third vacuum chamber to a third maximum 
system , where each vacuum chamber functions to separate specified temperature that is higher than the second maxi 
one or more constituents from a fluid within the respective mum specified temperature . 
vacuum chamber . For example , the example treatment sys - 45 Certain aspects encompass a system including a first 
tem 100 of FIG . 1 includes three vacuum chambers for vacuum chamber , a second vacuum chamber , and a third 
separating water , fuel products , and the base lubrication oil , vacuum chamber . The first vacuum chamber includes a first 
respectively . In an example treatment system with two sealed housing and a first vaporizer outlet , and is configured 
vacuum chambers , the first vacuum chamber can be used to separate water , through the first vaporizer outlet , from a 
separate all constituents that are lighter than a base lubrica - 50 waste fluid including a lubrication oil in response to heating 
tion oil from a waste fluid , such as solid constituents , water , the waste fluid sealed in the first vacuum chamber to a first 
fuel products like kerosene , and / or other constituents , and maximum specified temperature . The second vacuum cham 
the second vacuum chamber can be used to separate a base ber includes a sealed housing and a second vaporizer outlet . 
lubrication oil from the remainder of the waste fluid . In some The second vacuum chamber is configured to receive a fluid 
instances , an example treatment system includes only one 55 from the first vacuum chamber through a first fluid conduit 
vacuum chamber , where a waste fluid is heated to multiple connecting the first vacuum chamber and the second vacuum 
specified maximum temperatures to separate ( e . g . , via chamber , and configured to heat the fluid from the first 
vaporization , respective constituents from the waste fluid in vacuum chamber in the second vacuum chamber to a second 
stages , or batches . In some instances , using the first vacuum maximum specified temperature higher than the first maxi 
chamber 102 , second vacuum chamber 104 , or another 60 mum specified temperature to separate fuel oil , through the 
vacuum chamber , glycol is separated from the waste fluid . second vaporizer outlet , from the fluid from the first vacuum 
Although a different number of vacuum chambers can be chamber . The third vacuum chamber includes a sealed 
used in example treatment systems , the treatment systems housing and a third vaporizer outlet . The third vacuum 
process waste fluid in a batch process . chamber is configured to receive a fluid from the second 

While the treatment system 100 has been described in an 65 vacuum chamber through a second fluid conduit connecting 
example of separating a base lubrication oil from a waste the second vacuum chamber and the third vacuum chamber , 
fluid , the system 100 can also be used in separating a broad and configured to heat the fluid from the second vacuum 
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chamber in the third vacuum chamber to a third maximum surface area of sixty feet by sixty feet . A footprint of the 
specified temperature higher than the second maximum system is within a surface area of 100 square feet . Heating 
specified temperature to separate the lubrication oil , through a fluid including waste fluid including lubrication oil in a 
the third vaporizer outlet , from the fluid from the second vacuum includes heating the fluid in a first pressure - sealed 
vacuum chamber . 5 vessel , and heating the remaining fluid in a vacuum includes 

Certain aspects encompass a method including ( a ) heating heating the remaining fluid in a second pressure - sealed 
a fluid including waste fluid including lubrication oil in a vessel . 
vacuum to a maximum temperature less than a critical A number of embodiments have been described . Never 
temperature of vaporization of the lubrication oil to separate theless , it will be understood that various modifications may 
a first component from the fluid , and ( b ) heating the remain - 10 be . Accordingly , other embodiments are within the scope of 
ing fluid from step ( a ) in a vacuum to a temperature above the following claims . 
the critical temperature of vaporization of the lubrication oil , What is claimed is : but not higher than the cracking temperature of the lubrica 
tion oil to separate the lubrication oil from the remaining 1 . A system , comprising : a first vacuum chamber com 
fluid . prising an overhead portion , a first sealed housing , a first 

fluid outlet , and a first vaporizer outlet , the first vacuum The aspects above can include some , none , or all of the 
following features . The first maximum specified temperature chamber is configured to collect water from the overhead 
is below the critical vaporization temperature of the fuel oil portion of the first vacuum chamber through the first vapor 
at a pressure in the first vacuum chamber . The first maximum izer outlet , from a waste fluid comprising a lubrication oil in 
specified temperature is at or between 60 and 121 degrees 20 response to heating the waste fluid , which is located in the 
Celsius . The second maximum specified temperature is first vacuum chamber , to a first maximum specified tem 
below the critical vaporization temperature of the lubrication perature ; 

oil at a pressure in the second vacuum chamber . The second a second vacuum chamber comprising an overhead por 
tion , a sealed housing , a second fluid inlet , a second maximum specified temperature is at or between 121 and 

260 degrees Celsius . The third maximum specified tempera - 25 fluid outlet , and a second vaporizer outlet , the second 
ture is above the critical vaporization temperature of the vacuum chamber is configured to receive a fluid from 
lubrication oil at a pressure in the third vacuum chamber , but the first vacuum chamber through the first fluid outlet 

and a first fluid conduit connecting the first fluid outlet not higher than the cracking temperature of the lubrication 
oil at the pressure in the third vacuum chamber . The third of the first vacuum chamber and the second fluid inlet 
maximum specified temperature is at or between 260 and 30 of the second vacuum chamber such that the second 
400 degrees Celsius . Heating the waste fluid sealed in the fluid inlet is the only fluid inlet of the second vacuum 

chamber , and is also configured to collect fuel oil from first vacuum chamber includes maintaining a first pressure in 
the first vacuum chamber , heating the fluid received from the the overhead portion of the second vacuum chamber 

through the second vaporizer outlet ; and first vacuum chamber while sealed in the second vacuum 
chamber includes maintaining a second pressure in the 35 a third vacuum chamber comprising an overhead portion , 

second vacuum chamber , heating the fluid received from the a sealed housing , a third fluid inlet , a third fluid outlet , 
and a third vaporizer outlet , the third vacuum chamber second vacuum chamber while sealed in the third vacuum 

chamber includes maintaining a third pressure in the third is configured to receive a fluid from the second vacuum 
vacuum chamber , and the first pressure , the second pressure , chamber through the second fluid outlet and a second 
and the third pressure are each below atmospheric pressure . 40 fluid conduit connecting the second fluid outlet of the 
The first pressure , the second pressure , and the third pressure second vacuum chamber and the third fluid inlet of the 

third vacuum chamber such that the second fluid con are each about 1 . 05 pounds per square inch ( psi ) . Separating 
fuel oil from a fluid received from the first vacuum chamber duit transports fluid only from the second vacuum 

chamber to the third vacuum chamber through the third includes separating kerosene from the fluid received from 
the first vacuum chamber . The method includes visbreaking 45 fluid inlet , which is the only fluid inlet of the third 

vacuum chamber , and is also configured to collect base the lubrication oil received from the third vacuum chamber 
by heating the lubrication oil from the third vacuum cham lubrication oil from the overhead portion of the third 

vacuum chamber through the third vaporizer outlet . ber while sealed in a fourth vacuum chamber to a fourth 
maximum specified temperature that is higher than the third 2 . The system of claim 1 , where the first vacuum chamber , 
maximum specified temperature to decrease a viscosity of 50 S s second vacuum chamber , and third vacuum chamber each 
the lubrication oil . The fourth maximum specified tempera are selectively pressure - sealed from an ambient environ 

ment . ture is at or between 370 and 455 degrees Celsius . The 3 . The system of claim 1 , comprising a fourth vacuum method includes removing sulfur from one of the lubrication 
chamber and a third fluid valve between the third vacuum oil received from the third vacuum chamber or the fluid 

received from the second vacuum chamber in a reactor . The 55 chamber and the fourth vacuum chamber , the fourth vacuum 
first vacuum chamber , second vacuum chamber , and third chamber and is configured to visbreak base lubrication oil 
vacuum chamber each are selectively pressure - sealed from transported from the third vacuum chamber to the fourth 

vacuum chamber through the third fluid valve . an ambient environment . The system includes a fourth 
vacuum chamber and a third fluid valve between the third 4 . The system of claim 1 , comprising a reactor configured 
vacuum chamber and the fourth vacuum chamber , where the 60 so to remove sulfur from one of the base lubrication oil from 

the third vacuum chamber , the fluid from the second vacuum fourth vacuum chamber is configured to visbreak lubrication chamber , or the fluid from the first vacuum chamber . oil transported from the third vacuum chamber to the fourth 
vacuum chamber through the third vacuum valve . The 5 . The system of claim 1 , where a footprint of the system 

is within a surface area of sixty feet by sixty feet . system includes a reactor configured to remove sulfur from 
one of the lubrication oil from the third vacuum chamber , the 65 . s 6 . The system of claim 1 , where a footprint of the system 
fluid from the second vacuum chamber , or the fluid from the is within a surface area of 100 square feet . 
first vacuum chamber . A footprint of the system is within a * * * * 


